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osting by EAbstract Hereditary multiple exostoses (HME) or multiple osteochondromas are an autosomal
dominant condition and are genetically heterogeneous. It is characterized by development of two
or more cartilage capped bony outgrowths (osteochondromas) of the long bones. Osteochondromas
develop and increase in size in the ﬁrst decade of life, ceasing to grow when the growth plates close
at puberty. HME type-I is caused by mutation in the gene encoding exostosin-1 EXT1, which maps
to chromosome 8q24. Type-II is caused by mutation in the gene encoding exostosin-2 EXT2 on
chromosome 11p12-p11; and type III has been mapped to a locus on chromosome 19, EXT3.
We report a de novo case of HME at the Kuwait medical genetic centre (KMGC) came for consul-
tation regarding her poor school performance. She has painless bony swellings over her extremities,
macrocephaly, congenital heart disease, obesity, history of developmental delay, and moderate
mental retardation. Fluorescent In Situ Hybridization (FISH) analysis done using probes speciﬁc
for regions 8p22/CEP8/& 8q24.12-8q24.13 showed delineation of two copies of normal sized chro-
mosome 8; also Cycline D1 for 11q13 locus and CEP11, telomeric regions 11q & 11p, all showedwait Medical Genetic Centre
ox 31121, Sulaibikhat 80901,
ail.com (H.I Hamouda),
y. Production and hosting by
Shams University.
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Figure 1 Case p
96 H.I Hamouda et al.normal signals. Telomeric 19p was used to rule out any deletion of 19p and was normal too.
 2011 Ain Shams University. Production and hosting by Elsevier B.V. All rights reserved.Figure 2A Plain X-ray showing multiple osteochondromas
around lower femur.1. Introduction
Hereditary multiple exostoses (HME) or Multiple Osteochon-
dromas (OMIM, 133700) [1] are an autosomal dominant con-
dition and are genetically heterogeneous with intra- and inter-
familial clinical variability. It is characterized by development
of two or more cartilage capped bony outgrowths (osteochon-
dromas) of the long bones. The prevalence is estimated at
1:50,000 and it seems to be higher in males (male-to-female ra-
tio 1.5:1) [3]. Osteochondromas develop and increase in size in
the ﬁrst decade of life, ceasing to grow when the growth plates
close at puberty. They are pedunculated or sessile (broad base)
and can vary widely in size. The number of osteochondromas
may vary signiﬁcantly within and between families; the mean
number of locations is 15–18. The majority are asymptomatic
and located in bones that develop from cartilage, especially the
long bones of the extremities, predominantly around the knee.
The facial bones are not affected. Osteochondromas may cause
pain, functional problems and deformities, especially of the
forearm, that may be reason for surgical removal. The most
important complication is malignant transformation of Osteo-
chondromas towards secondary peripheral chondrosarcoma,
which is estimated to occur in 0.5–5% [17]. Two conditions
in which multiple exostoses occur are metachondromatosis
(OMIM, 156250) [1], and the Langer–Giedion syndrome
(OMIM; 150230) [1]; the latter condition is also known as tri-
chorhinophalangeal syndrome type II. Furthermore, exostosis-
like lesions occur with ﬁbrodysplasia ossiﬁcans progressiva
(OMIM; 135100) [1], occipital horn syndrome (OMIM,
304150) [1], and the adult stage of hereditary hypophosphate-
mia (OMIM, 307800) [1]; these exostoses are located at sites of
tendon and muscle attachment.
2. Case report
A twelve years old female proband, the eleventh child of nor-
mal healthy non-consanguineous parents (case pedigree,
Fig. 1) referred for KMGC for poor school performance.
The pregnancy and birth histories were normal. After delivery
she was diagnosed as having a congenital heart disease (CHD)
in the form of large perimembraneous trabecular ventricular
septal defect, large persistent ductus arteriosus, and severe pul-
monary hypertension. At the age of 11 months a surgical cor-
rection of her CHD was done. She had delayed walking till
20 months old, and delayed talking till the age of two years,
with no history of seizures.edigree.
Figure 2B Plain X-ray showing multiple osteochondromas
around upper tibia.
Figure 3A Plain X-ray showing osteochondroma of the ribs.
Figure 3B Plain X-ray showing osteochondroma on lateral
aspect of humerus.
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height 145.5 cm (+0.7 SD), weight 81.0 kg (+3.3 SD), and
her head circumference 57.0 cm (+2.9 SD) [2]. Obesity, macro-
cephaly, short ﬁfth ﬁngers bilaterally, abnormal painless bony
mass on medial aspect of upper right leg, and she was wearing
glasses for myopia.
Investigations done for her in the form of routine blood
tests were normal, chromosomal analysis using G–T–G band-
ing technique revealed normal 46, XX female karyotype. IQ
assessment showed moderate mental retardation, and her skel-
etal survey revealed multiple enchondromata of long bones of
both upper and lower limbs and ribs with normal skull and
spine; with shortening of the left ulna and secondary bowing
of radius; and cardiomegaly (Figs. 2A, 2B, 3A and 3B).Molecular cytogenetic analysis (FISH technique) done
using LSI locus speciﬁc probes for 8p22/CEP8/& 8q24.12-
8q24.13 showed delineation of two copies of normal sized
chromosome 8; Also Cycline D1 for 11q13 locus, CEP11, telo-
meric regions 11q & 11p, and telomeric 19p all showed normal
signals.3. Discussion
A diagnosis of HME can be made when radiologically at least
two Osteochondromas of the juxta-epiphyseal region of long
bones are present [3] and this was observed in our case.
Osteochondromas may cause pain, functional problems
and deformities, especially of the forearm, that may be reason
for surgical removal. The most important complication is
malignant transformation of Osteochondromas towards sec-
ondary peripheral chondrosarcoma, which is estimated to oc-
cur in 3–5% [3]. In almost 90% of HME patients germ line
mutations in the tumor suppressor genes EXT1 or EXT2 are
found. None of these complications occurred in our case.
HME is genetically heterogeneous as three EXT loci have
been identiﬁed so far. EXT1 (OMIM, 133700) [1] has been
mapped to chromosome 8q23-24 which has been shown to har-
bor mutations in 44–66% of HME families [4], EXT2 (OMIM
133701) [1] to chromosome 11p11-p12 are detected in about
30% of the families [4], and EXT3 (OMIM, 600209) [1] to
chromosome 19p. Linkage studies have identiﬁed EXT1 and
EXT2 as the two major disease loci in HME families, while
EXT3 appears to be a minor locus. The EXT1 gene is com-
posed of 11 exons and has a coding region of 2238 bp [5,7].
The EXT2-gene contains 16 exons [6,7] and its cDNA deﬁnes
a single open reading frame of 2154 bp. EXT1 and EXT2 are
highly similar, especially in the carboxy terminal region. Germ-
line mutations of EXT1 and EXT2 in MO patients have been
studied extensively in Caucasian as well as Asian populations
[8]. In EXT1, mutations are more or less randomly distributed
over the ﬁrst 6 exons, while the last 5 exons, containing the
conserved carboxyterminal region, contain signiﬁcantly less
mutations [8]. Similarly, in EXT2 most mutations are found
in the ﬁrst eight exons. No mutational hotspots are found.
Approximately 80% of the mutations are non-sense, frame-
shift, or splice-site mutations leading to premature termination
of EXT proteins [9–11]. The majority of missense mutations
also lead to defective EXT protein function [12]. Mutations
in EXT1 seem associated with a more severe phenotype as
compared to EXT2 [13,14].
Three additional loci designated EXTL1, EXTL2, and
EXTL3 have been identiﬁed and mapped to chromosomes 1
(1p36), (1p11-p12) and chromosome 8 (8p12) [3].
Management includes removal of osteochondromas when
they give complaints. Removed osteochondromas should be
examined for malignant transformation towards secondary
peripheral chondrosarcoma.
The solitary (sporadic) form of osteochondroma is approx-
imately six times more common than the occurrence within the
context of HME. Approximately 62% of the patients with
multiple osteochondromas have a positive family history [1].
In our case family history was negative.
In HME patients a variety of orthopedic deformities can be
found like deformities of the forearm (shortening of the ulna
with secondary bowing of radius) (39–60%) [16,18,19],
98 H.I Hamouda et al.inequality in limb length (10–50%) [14,17], varus or valgus
angulation of the knee (8–33%) [16,19], deformity of the ankle
(2–54%) [16,19] and disproportionate short stature (37–44%)
[15,17,18]. In our case there was shortening of the left ulna
with secondary bowing of radius (Fig. 3B).
Normal FISH analysis of EXT1 locus in our proband is the
same as in the case described byHall et al. [20]. The combination
of HME, macrocephaly, developmental delay, mental retarda-
tion and CHD was not recorded before. The additional ﬁnding
of obesity in our case may be part of this possible new syndrome
or an association due to her bad eating habits. Bartsch et al. [21]
recorded multiple exostoses with mental retardation and other
features in eight patients belonging to four families and they
have cytogenetic &/or molecular deletions of chromosome
11p11-13 which is not the case in our proband. In Langer-
Giedion syndrome (OMIM; 150230) [1] there is proportionate
short stature, characteristic features, hypotonia, cutis laxa,mac-
rocephaly, and mental and developmental retardation which is
not present in our case except the last two criteria.
4. Conclusion
The combination of multiple exostoses, macrocephaly, congen-
ital heart disease, ± obesity, developmental delay and mental
retardation in our case with normal FISH study of three
EXT1, EXT2, and EXT3, HME-disease loci may draw atten-
tion of new syndrome or new associations with multiple exos-
toses. Further peripheral blood of the patient may be screened
for germline mutations in EXT1 or EXT2. Searching Oxford
Dysmorphology Medical databases (version 3.0) revealed no
similar condition was recorded. More cases are needed for
delineation of the proper etiology.
References
[1] http://www.ncbi.nlm.nih.gov/omim. Online Mendelian Inheri-
tance in Man.
[2] Tanner JM. Physical growth and development. In: Forfar JO,
Arenil GC, editors. Text book of Pediatrics. ﬁrst ed. London:
Churchill Livingstone; 1973.
[3] Bove´e JVMG. Multiple osteochondromas, Review article. Orpha-
net J Rare Dis 2008;3:3.
[4] Mermer MJ, Gupta MC, Salmon PB, Benson DR. Thoracic
vertebral body exostoses as a cause of myelopathy in patient with
hereditary multiple exostoses. J Spinal Disord Tech 2002;15(2):
144–8.
[5] Signori E, Massi E, Matera MG, et al.. A combined analytical
approach reveals novel EXT1/2 gene mutations in a large cohort
of Italian multiple osteochondromas patients. Genes Chromo-
somes Cancer 2007;46:470–7.[6] Stickens D, Clines G, Burbee D, et al.. The EXT2 multiple
exostoses gene deﬁnes a family of putative tumor suppressor
genes. Nature Genet 1996;14:25–32.
[7] Wuyts W, Van Hul W, Wauters J, et al.. Positional cloning of a
gene involved in hereditary multiple exostoses. Hum Mol Genet
1996;5:1547–57.
[8] Wuyts W, Van Hul W. Molecular basis of multiple exostoses:
mutations in the EXT1 and EXT2 genes. Hum Mutat
2000;15:220–7.
[9] Raskind WH, Conrad III EU, Matsushita M, et al.. Evaluation
of locus heterogeneity and EXT1 mutations in 34 families with
hereditary multiple exostoses. Hum Mutat 1998;11:231–9.
[10] Seki H, Kubota T, Ikegawa S, et al.. Mutation frequencies of
EXT1 and EXT2 in 43 Japanese families with hereditary multiple
exostoses. Am J Med Genet 2001;99:59–62.
[11] Francannet C, Cohen-Tanugi A, Le Merrer M, Munnich A,
Bonaventure J, Legeai-Mallet L. Genotype-phenotype correlation
in hereditary multiple exostoses. J Med Genet 2001;38:430–4.
[12] Cheung PK, McCormick C, Crawford BE, Esko JD, Tufaro F,
Duncan G. Etiological point mutations in the hereditary multiple
exostoses gene EXT1: a functional analysis of heparan sulfate
polymerase activity. Am J Hum Genet 2001;69:55–66.
[13] Alvarez CM, De Vera MA, Heslip TR, Casey B. Evaluation of the
anatomic burden of patients with hereditary multiple exostoses.
Clin Orthop Relat Res 2007;462:73–9.
[14] Jager M, Westhoff B, Portier S, et al.. Clinical outcome and
genotype in patients with hereditary multiple exostoses. J Orthop
Res 2007;25:1541–51.
[15] Wuyts W, Bove´e JVMG, Hogendoorn PC. From gene to disease;
hereditary multiple exostoses (abstract). Ned Tijdschr Geneeskd.
2002; 26; 146(4): 162–164.
[16] Bove´e JVMG, Hogendoorn PCW. Multiple osteochondromas. In
World Health Organization classiﬁcation of tumors. Pathology
and genetics of tumors of soft tissue and bone. In: Fletcher CDM,
Unni KK, Mertens F, editors. Lyon, IARC Press; 2002. p. 360–
362.
[17] Schmale GA, Conrad EU, Raskind WH. The natural history of
hereditary multiple exostoses. J Bone Joint Surg [Am]
1994;76(7):986–92.
[18] Wicklund LC, Pauli RM, Johnston D, Hecht JT. Natural history
study of hereditary multiple exostoses. Am J Med Genet
1995;55:43–6.
[19] Hennekam RC. Hereditary multiple exostoses. J Med Genet
1991;28:262–6.
[20] Hall JG, Wilson RD, Kalousek D, Beauchamp R. Familial
multiple exostoses-no chromosome 8 deletion observed. Am J
Med Genet 1985;22:639–40.
[21] Bartsch O, Wuyts W, Hul WV, Hecht JT, Meinecke P, Hogue D.
Delineation of a contiguous gene syndrome with multiple exos-
toses, enlarged parietal foramina, craniofacial dysostosis, and
mental retardation, caused by deletions on the short arm of
chromosome 11. Am J Hum Genet 1996;58:734–42.
